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By John P. Mayer and Harold A. Hamer 

SUMMARY 


Results from a flight program conducted to obtain information on 
the airplane response and actual rates and amounts of control motion 
used by service pilots in performance of squadron operational training 
missions with jet fighter airplanes are correlated with the airplane 
handling qualities and calculated maximum dynamic response- The corre- 
lation indicates that the service pilots in general made use of the 
static capabilities of their airplanes over most of the speed range as 
limited either by the control stops or control forces- The maximum 
responses measured in these service training operations, however, were 
considerably less than the maximum calculated dynamic response. In 
longitudinal maneuvers, it is indicated that the pilots have a tendency 
to maneuver the airplane near its natural frequency. 

From the results of the calculations of maximum dynamic response for 
the North American F-86 aiirplane, it is indicated that pitching accelera- 
tions greater than l6 radians per second per second are theoretically 
within the range of the pilot and airplane capabilities, whereas the high- 
est value obtained in the tests was about 2 radians per second per second. 
For lateral maneuvers the calculations indicate -that the highest vertical- 
tail loads for the F-86 airplane could generally be obtained in fishtail 
maneuvers; however, the calculations indicate that, if rolling pull-out 
maneuvers were made near the maximum lift coefficient, the vertical -tail 
loads obtained could be greater than those obtained in fishtail maneuvers. 
The transverse load factors measured in the present tests were much less 
than those theoretically obtainable. 


INTRODUCTION 


In order to obtain- information on the airplane response and the 
amounts and rates of control used by service pilots in operational 
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training missions, the National Advisory Committee for Aeronautics with 
the cooperation of the U. S. Air Force and the Bureau of Aeronautics, 

Navy Department, has conducted a fli^t program with several Jet-propelled 
fighter airplanes. InforTtiation of this type is needed in order to assist' 
in improving design-load criteria. 

In reference I the results from this program have previously been 
summarized as envelopes of the maximum values of the measured quantities 
and the data were compared with design requirements. In addition, a 
limited statistical analysis was presented. The purpose of this paper 
is to correlate the results previously obtained in these tests with the 
airplane stability and handling qualities and compare the maximum values 
of the measured quantities with the theoretical maximum values obtainable 
in dynamic maneuvers. 


SYMBOrS 


b wing span, ft 

c wing mean aerodynamic chord, ft 

Ci,C 2 >C 3 ,... constants appearing in lateral equations of motion 


Cl, 


■ 6 / 


rate of change of airplane rolling-moment coefficient 
with angle of sideslip, per radian 

rate of change of aiiplane rolling-moment coefficient 
with 0b/2V, per radian 

rate of change of airplane rolling-moment coefficient 
with i}^b/27, per radian 

rate of change of airplane rolling-moment coefficient 
with total aileron deflection, radian 

rate of change of airplane yawing-moment coefficient 
with angle of sideslip, SCn/^P, per radian 






rate of change of airplane yawing-moment- coefficient 
with 0b/2V, per radian 

rate of change of airplane yawing-moment coefficient 
with \jfb/2V, per radian 

rate of change of airplane yawing-moment coefficient 
with total aileron deflection, ^n/^A^ P®^ radian 
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^Nwf 

d 




S 


% 


^XZ 


Lt 

m 

n 


no 


Hip 

q. 

s 


rate of change of airplane lateral- force coefficient with 
angle of sideslip, per radian 

zero- lift wing- fuselage pitching-monsent coefficient 

wing- fuselage pitcMng-moment coefficient 

wing- fuselage normal- force coeffl.clent 

distance from airplane center of gravity to aerodynamic 
center of wing- fuselage comTaination, ft 

elevator stick force, lb 

acceleration due to gravity, 52.2 ft/sec^ 

airplane moment of inertia about longitudinal axis, 
slug-ft^ 

p 

airplane moment of inertia about lateral axis, sliig-ft 

2 

airplane moment of Inertia about vertical axis, slug- ft 

2 

airplane product of Inertia, slug-ft 

dimensional constants appearing in longitudinal eqiiatlons 
of motion 

horizontal-tail load, lb 

airplane mass, W/g, slugs 
normal load factor 

Initial value of normal load factor (used In rolling 
pull-out solution) 

transverse or lateral load factor 

2 2 

dynamic pressure, l/2 pV , Ib/ft 
impact pressure, Ib/ft^ 

O 

total wing area^ ft 
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t 

^90 

V 
Vi 

V 


p 


Peff 

P 

A 

Sa 


Se 

Btji 

-Kmax 

&E 

5-ci 

■*%iax 

®%lm 

Sr 


time; sec 

time to roll 90°, sec 

true airspeed, ft/sec 
Indicated airspeed, knots 

airplane gross weight, lb 

distance from airplane center of gravity to aerodynamic 
center of horizontal tall, ft 

airplane angle of sideslip (defined herein as angle 
between longitvtdinal axis and projection of relative 
wind in horizontal plane of airplane), radians (except 
when noted otherwise) 

effective angle of sideslip used in fishtail and rolling 
pull-out calculations 

time rate of change of angle of sideslip, radlans/sec 
increment 

aileron deflection (total, except when noted otherwise), 
radians (except when noted otherwise) 

elevator deflection, radians (except when noted otherwise) 

maximum calculated elevator deflection, radians 

elevator deflection limit, radians (except when noted 
otherwise ) 

elevator deflection rate, radians/sec 

maximum calculated elevator deflection rate, radlans/sec 
elevator deflection rate limit, radlans/sec 




e 


•rudder deflection, radians (except when noted otherwise) 
pitching angular velocity, radians/sec 
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'max 


max 


P 

• • 
0 


t 

(U 
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Initial value of pitching angular velocity (used in 
rolling pull-out solution), radians/sec 

maximum calculated pitching angular velocity, radians/sec 

pitching angular acceleration, radlans/sec^ 

maximum calculated pitching angular acceleration, 
radians/sec^ 

mass density of air, slug/ft^ 

angle of bank, radians 

rolling angular velocity, radians/sec 

rolling angular acceleration, radians/ sec^ 

phase angle between pitching angular acceleration and 
incremental normal load factor, deg 

yawing angular velocity, radians/ sec 

yawing angular acceleration, radians/ sec^ 

angular frequency, radians/ sec 

natural angular frequency, radians/sec 


A bar over symbol represents maximum value and [ ) represents 
absolute value. 


AIRPLANES 


The airplanes for which measurements were available were service 
models of the "Roirth American F-86 a, McDonnell F2H-2, Republic F-84-G, 
and Lockheed F-9^B. All were low-wing Jet-propelled fighter- type air- 
planes, the F-86 a having a swept wing and empennage. All were equipped 
with hydraulic aileron boost. In addition, the elevator for the F-86 a 
was hydraulically boosted and was equipped with an adjustable stabilizer. 
A rate restrictor is also incorporated in the F-86 a elevator control 
system and restricted the elevator rate to about per second. 

In the tests, the F-86 a and F-94-B airplanes were flown, for the 
most part, without external fuel tanks and the F2H-2 and F-81i-G airplanes 
were flown, 'for the most part, with external fuel tanks. 
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Except for the addition of sideslip and angle-of-attack booms 
neither the external appearance nor the weight end balance of the air- 
planes was altered by the addition of the RACA instrumentation. Three- 
view drawings of the airplanes are presented in figure 1. Dimensions 
and physical characteristics of the aizpjlanes are given in table 1. 


mSTRUMEHTATION AMD TESTS 


The airplanes used during the flight program were fully instrumented 
with standard NACA photographically recording Instruments which measured 
(l) the quantities defining the flight conditions, such as airspeed and 
altitude, (2) the imposed control- surface motions, and (5) the response 
of the airplane in terms of load factors, angular velocities, angular 
accelerations, and angle of sideslip. 

The maximum errors estimated for the measured quantities given in 
this paper are as follows: 


Control- surface angle, deg iO.7 

Normal load factor ±0.1 

Transverse load factor ±0.03 

Pitching angular velocity, radlan/sec ±0.03 

Rolling angular velocity, radlan/sec ±0.15 

Yawing angular velocity, r^ian/sec ±0.02 

Pitching angular acceleration, radlan/sec^ ±0.1 

Angle of sideslip, deg ±0.7 


More complete details of the instrumentation are given in reference 1. 

All flights obtained duriiag the program were perfoirraed by service 
pilots undergoing regular squadron operational training. Data were 
recorded continuously throughout a flight and were recorded only during 
those flights in which the mission was scheduled to include a large 
number of maneuvers. The primary missions were usually acrobatics, 
ground gunnery, aerial gunnery, or dive-boiribing and the maneuvers 
recorded during the program included most of the tactical maneuvers 
that were within the capabilities of the individual airplanes. These 
maneuvers were performed at altitudes up to approximately 35^000 feet 
and at airspeeds varying from the stalling airspeed to the maximum 
service limit airspeed. Most of the maneuvers were performed in rela- 
tively smooth air. No attempt was made to specify the type or severity 
of maneuvers. 

During the test program a total flight time of about 60 hours was 
recorded. However, since the pilots were requested to perform as many 
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maneuvers as practical dviring each fU^t the data are believed to he 
representative of many more hours than were actually recorded. 

A total of k-2 service pilots participated with no one pilot 
accounting for more than 20 percent of the maneuver time obtained for 
the particular make airplane. Althou^ the pilots were aware of the 
instrumentation, it was stressed that this was not to restrict their 
normal handling of the airplane since they would not be personally 
identified with the test results. 


ORGANIZATION OP DATA AND MESTHODS OP ANALYSIS 


In the presentation of the data the results are presented in three 
groups: (l) longitudinal characteristics, (2) rolling characteristics, 

and (^) sideslip characteristics. For these three groups the envelopes 
of the various quantities obtained in these tests for each airplane are 
compared with the airplane stability and control characteristics. Also, 
for the longitudinal and sideslip groups, the test envelopes are com- 
pared with the maximum values theoretically possible under dynamic con- 
ditions. In the longitudinal case, calculations are made 03xly for the 
F-86A airplane and are compared with overall envelopes representing 
boundaries for all the test airplanes. the sideslip group, the cal- 
culations are made, for the most part, for the F-86A and F-Si- airplanes 
and are compared with the test envelopes of the individual airplanes. 

The calculations for the F-8t)- airplane are based on earlier models 
(a through D) which had a fuselage that was l8 inches shorter than that 
of the test airplane. 

In the data plots, only those maxlmvim values which helped to 
establish the envelopes are shown. In general, the test boimdaries 
are established by considering only those maneuvers where controlled 
flight is maintained. The envelopes of the data representing other 
fli^t conditions such as low-speed stalls, snap rolls, and lateral 
oscillations are also shown, superimposed on the main test boundary. 
Further discussion regarding the basic data and the construction of the 
envelopes, both for the Indivldiial airplanes and the combination rep- 
resenting all the test airplanes, may be found in reference 1. 


RESUIfTS AND DISCUSSION 


The results presented in this paper for the F-86 a, F2H-2, F-84g, 
and the F-9^B airplanes are compared with the results of tests pre- 
sented in references 2 to 8. In some cases the airplanes from these 
references are not the same models as those used in the present flight 
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program. However^ the dimensions ajid physical characteristics for 
each type airplane are the same, except for minor differences in some 
of the airplanes regarding external-fuel-tank location. 

Since many of the quantities to he discussed are related to and 
limited hy the airplane V-n diagram, the maximum positive and negative 
normal load factors and corresponding indicated airspeeds reached with 
each airplane were taken from reference 1 and are presented as figure 2 
in this paper. 


Longittidinal Characteristics 

Elevator position and force .- The envelopes of maximum elevator 
angles obtained are shown in figure 5* Also shown in figure 3 s-re the 
elevator angles necessary to reach the V-n envelope in gradtial maneuvers 
as derived from references 2, 5^ 7> and 8. For the F-86 a airplane 
values are shown for stabilizer angles of 0° and 2°, airplane nose up, 
which correspond to the minimum and average trim stabilizer angles used 
in these tests, respectively. It may be noted from figure 3 that the 
elevator angles used equaled or exceeded the static values necessary 
to reach the limits of the V-n diagram in the regions where these limits 
(see fig. 2) were reached in the operational maneuvers. The angles 
shown above the static curve were associated with more rapid maneuvers 
such as abrupt pull-outs, turns, and rolls where a larger elevator 
angle was used than was necessary to reach a given stesuiy value of load 
factor . 

Since stick forces were not measured in the present tests the 
forces were derived from stick force data of references 3^ 5# If s-nd 8 
and are presented in figure 1+. In figure the maximum elevator stick 
forces necessary to reach the V-n envelope at low altitudes are com- 
pared with the TnlT vimu m and maximum force requirements of references 9 
and 10. The stick forces for all the test airplanes were within the 
maximum and minimum stick force raqiilrements except for the F-84G air- 
plane where the elevator forces would appear to be higher than the 
maximum forces specified by the requirements. The stick forces required 
for the F-86 a airplane to reach the V-n envelope appear to be within 
the limits given by the requirements j however, the curve shown does not 
indicate the stick force reversal which occurs at the pitch up. At 
hi^ altittides the stick forces at the limits of the V-n diagram are 
very low because of this force reversal. In the present tests the test 
airplane did encounter pitch up but at altitudes less than 15,000 feet. 
The elevator stick forces for the F2H-2 and F-94B airplanes are near 
the minimum requirement at high speeds. 

Pitching acceleration .- Pitching angular acceleration is one of 
the important parameters in the determination of horizontal- tail loads. 
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If the rolling and yawing motions of the airplane axe small, the 
horizontal-tail load in any maneuver could be given by 


IfT = Gnu q.S — + nW A. - e 


or 




^ °lfWF " ^ 


( 1 ) 


( 2 ) 


Thus, if the maximum pitching accelerations could be predicted, the 
maximum incremental horizontal-tail loads could be calculated. In 
reference 1 the maximum pitching accelerations obtained in operational 
training are compared with several design methods or requirements. 

This plot taken from reference 1 is shown in figure 5 as a matter of 
interest. The curves for the design methods or requirements shown in 
figure 5 are either enqpirical or based on performing a single abrupt 
maneuver to the limit load factor from 1 g flight. (Refs. 1 and 11 
to 15 .) 

In order to show the theoretical maximum pitching acceleration 
obtainable in flight, calculations were made for the F -86 airplane in 
which the airplane was maneuvered sinusoidally to the load-factor limits. 
In these computations the equation of motion was eaqpressed as in 
reference 16 . 


n + K 2 _n 4 - K^^n — + KgSjt + 


( 3 ) 


and in terms of 0 as 


0 + K^e + + 





The amplitude ratio |An//I^E| for a sinusoidal-control motion may be 
shown to be 


dSE 


Ikq^cu^ + (^7 - 

2 2 


(k2 - 


+ 


( 5 ) 
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!The amplitvide ratio 


U/^eI 


Is 




Kg2 + k^2^2 

f (^2 “ 


and the amplitude ratio 




_9 

ZiSE 


oj2(k£2 + 




|^K2 - 


The phase angle between 0 and n is then 

;jg ■ W" ^ - tan-^ -f g"-.. 

^®n K5C0 


( 6 ) 


(T) 


( 8 ) 


Qlie stability derivatives for the K constants required in the above 
equations were obtained from wind-tunnel tests- (See refs- I 7 and I 8 -) 

Typical frequency -response curves calculated for the F*-86 airplEtne 
are shown in figure 6 for a speed of 5 OO knots at sea level. The ^ 

absolute values for the amplitude ratios and IS^Ej 

are shown as well as the phase angle between 9 and n. 

In figure 7 calculated values of the elevator angle, maximum 
elevator rate, maximum pitching velocity, and maximum pitching accel- 
eration are shown plotted against angula.r frequency. These values 
were obtained from the frequency-response curves given in figure 6 for 
a sinusoidal maneuver from a load factor of -5 to a load factor of 7-55 
at an airspeed of 500 knots at sea level. It can be seen that the max- 
imum pitching acceleration Increases throu^out the frequency range 
shown and would finally be limited either by the amount of elevator 
available or by the highest elevator rate obtainable. The largest ele- 
vator angle available was 0.458 radian (26.25°) and the hipest elevator 
rate was assumed to be 5-5 radians per second (200° per second). Also 
indicated in figure J is the maximum pitching acceleration for an 
elevator rate of O .785 radlatn per second (45^ per second) which corre- 
sponds to the maximum elevator rate obtainable with F-86 a airplanes 
equipped with elevator rate restrictors. 

Calculations similar to those of figures 6 and 7 were made for 
the F- 86 a airplane for several additional airspeeds at sea level and for ^ 
an airspeed of 400 knots at 20,000 feet. The results are shown plotted 
against airspeed in figures 8 to 10 along with the results obtained in 
the test program with operational airplanes. j 
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3jn figure 8 the maximum calculated pitching acceleration is shown 
for two cases. In the first case the airplane is maneuvered sinusoidally 
from its negative load-factor limits to its positive load-factor limits 
as defined hy the V-n diagram. (See fig. 2.) At low speeds the maximum 
load factors are associated with maximum lift and at high speeds the 
maximm load factors are the design limit load factors (-5 and 7-35) • 

In the second case the airplane is maneuvered sinusoidally from the 
1 g level-fli^t condition to its positive maximum load-factor limits. 

The maximum pitching accelerations shown for the two cases are limited 
hy reaching the elev?.tor deflection limit (o.ij-58 radian) or hy reaching 
the hipest possible elevator rates (5-5 radians per second or O.785 radian 
per second) . 

It may he seen in figure 8 that maximum pitching accelerations as 
hi^ as 16 radians per second per second are theoretically possible and, 
as indicated in figure 6, the maximum negative pitching acceleration 
would he approximately in phase with the maximum positive normal load 
factor (and vice versa) . This condition results in maximum horizontal- 
tail lo^s in subsonic fll^t. It may he noted that the points shown 
for an altitude of 20,000 feet are approximately the same as those for 
sea-level conditions when plotted against Indicated airspeed. 

In figure 9 maximum pitching accelerations are shown for a sinus- 
oidal maneuve,r at two constant angular frequencies and at the natural 
frequency of the airplane. Also shown is the test boundary from the 
present tests. Pitching accelerations are shown for angular frequencies 
of 6.28 and ?.l4 radians per second which correspond to a time to reach 
maximum load factor of O.5 second and 1 second, respectively, and for 
the \mdamped natural frequency of the airplane o) = \/i^- 

It can he seen in figure 9 that the maximum pitching acceleration 
at a constant angular frequency decreases with airspeed at the hl^er 
speeds whereas the maximum pitching acceleration at the airplane natviral 
frequency is proportional to the load factor and remains about the same 
at speeds above that of the upper left-hand corner of the V-n diagram. 

It is of interest to note that the maxl.mum pitching accelerations 
obtained in the present tests of service airplanes are approximately 
the same as those calculated at the airplane undamped natviral frequency 
at speeds up to 350 taiots. This result would tend to confirm the belief 
that pilots have a tendency to maneuver the airplane near its natural 
frequency. At the higher speeds the natural frequency is hi^er and 
therefore the time to reach maximum load factor would be less than at 
low speeds. The lower values of the experimental pitching accelerations 
at the higher speeds are probably due to the hesitancy of pilots to 
perform rapid high load-factor maneuvers at hi^ speeds. 

The variation of maximum pitching acceleration in maneuvering from 
1 g to the positive load-factor limits is shown in figiure 10. Values are 
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shown for the case of figure 8 where the pitching acceleration is 
limited either hy reaching the elevator limits or by reaching a limiting 
elevator rate, for the case of figure 9 where the pitching acceleration 
is shown for a constant angular freq.uency, and for the case where the 
airplane is maneuvered at its natural frequency- Also shown are the 
maximum pitching accelerations calculated by the method of reference 11 
in which the airplane is maneuvered from 1 g to its positive load-factor 
limits with a minimum time to reach the maximum load factor of about 
0-5 second as well as the maximum pitching accelerations measured in 
the service training operations - 

In figure 10 it is noted that the maximum pitching accelerations 
calculated by maneuvering the airplane sinusoidally at a constant angular 
frequency of 6.28 radians per second are approximately the same as those 
of the method of reference 11. In both cases the time to reach maximum 
load factor is about 0-5 second- The maximum pitching acceleration that 
could be reached with the limit elevator rate, however, is almost three 
times as high as that calculated for a very abrupt maneuver or with an 
angular freqijency of 6-28 radians per second- The maximum pitching 
accelerations measured in the present test program and the pitching 
accelerations calculated at the airplane natural frequency are less 
than one half the values that could be obtained in an abrupt maneuver 
or a pitching oscillation at o) = 6.28 radians per second. 

• 

It is evident that values of the pitching acceleration as hi^ as 
l6 radians per second per second calcul ated by using the limiting 
characteristics of the pilot and airplane are probably unreasonable to 
use In tail- load design since the maneuvers necessary to produce such 
accelerations would be of negligible order of probability. On the other 
hand, the maximum pitching accelerations of from 5 to 6 radians per second 
per second shown in figure 10 obtained by the method of reference 11 or 
by using a constant value of the angular frequency cd * 6.28 are values 
that could be reached if the pilots maneuvered the airplane in the 
manner specified. Pitching accelerations of this order have been obtained 
in research and structural Integrity fli^t tests of fighter airplanes. 

In the present limited tests of jet fighter airplanes, it is indicated 
that the pilots tend to maneuver their airplanes near the airplane 
natural frequency which involves maximum pitching accelerations of less 
than three radians per second per second. 

Pitching angular velocity .- In figure 11 the maximum calculated 
pitching velocities are compared with the experimental values obtained 
in service training operations- The maxlmiam calculated pitching veloc- 
ities were obtained in a pitching oscillation from the negative load- 
factor limit to the positive load-factor limit and from 1 g to the 
positive load-factor limit by using the limiting elevator angles or 
rates. Also shown are the values for maximum pitching velocities cal- 
culated for a constant angular frequency of 6.28 reuiians per second. 
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the values calc\alated for the airplane natural freq^uency, and the values 
calciilated by the method of reference 11. for a time to reach a peak load 
factor of about O .5 second. 

It may be seen that pitching velocities as high as 1.6 radians per 
second may be obtained within the limitations of the pilot and airplane . 
In abrupt pull-ups and at a~ .constant pitching angular frequency of 
6.28 radians per second^ pitching velocities of about 1 radian per sec- 
ond are possible. Except in stalls, the hipest pitching velocity- 
measured in the present -tests was about O.5 radian per second. As was 
the case for pitching acceleration the pitching velocities calculated 
at -the airplane natural frequency are near the experimen-tal -values 
except at -the hi^er speeds. 


Rolling Characteristics 

Aileron angles .- The max-t nmni aileron angles obtained in -the service 
operational training are shown in figure 12 as well as the maxi mum 
angles available as derived from references 4, 6, 7# 8* maxi- 

m\jm a-vailable aileron angle shown is, for low speeds, the full aileron 
deflection and, for hi^er speeds, -the aileron deflection as 11ml -ted by 
50 pounds stick force or maximum boost. The F-84G airplane was the only- 
airplane to vise full aileron and these points were mostly ob-tained in 
s-talls at low speeds. The F-86, -the P-84, and the P-94 aileron angles 
used appeared to be limi-ted by aileron forces or boost limi-faations at 
hi^ speeds. The aileron angles used -with the P2H airplane reached 
the limits only in a narrow speed range near 350 knots. 

gSb/2V .- The maximum -values of -the helix angle ^b/2V ob-tained in 
the present -tests are shown in figure I 3 along -wi-th the maximum values 
obtainable in abrupt aileron rolls frcm level fli^t (refs. 4, 6, 7# 
and 8) . The -values of 0b/ 2V shown correspond to -the aileron angles 
given in figure 12. At -the highest speeds all -the -test airplanes, with 
the exception of the P2H airplane, reached or approached the maximum 
-values obtainable in abrupt aileron rolls . The P2H airplane did not 
approach its rolling capabilities except in a small speed range near 
550 knots. The P-86 airplane did not make use of its full rolling 
capabilities at speeds below 3OO knots whereas the P-84 and F-94 air- 
planes approached or reached -their rolling capabilities at all speeds. 
Very hl^ -values of 0b/2V were measured wi-th the P-84 airplane in 
uncontrolled maneuvers (snap rolls and s-talls) which exceeded the -values 
that would be obtained in abrupt aileron rolls from level fli^t. 

It can be seen in figure 13 that all -the test airplanes used maxi- 
mum -values of pb/2V up to O.07 or O.O8 at speeds less -than 3OO knots 
even thou^ higher -values could have been reached for -the P-86 and 
F2H airplanes. 
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Rolling velocity .-- The maximum rolling velocities measured in the 
operational training progrsma are shown in figure ik in addition to the 
maximum rolling velocities obtainable in aileron rolls from level flight 
at sea level and at an altitude of 50, OCX) feet. The e^erimental val- 
ues shown were obtained imder accelerated flight as well as level-flight 
conditions. The maximum rolling velocities reached were from about 2-0 
to 2-4 radians per second in controlled fli^t except for the F2H air- 
plane where maximum rolling velocities of about 1-7 radians per second 
were reached. In ‘uncontrolled flight rolling velocities up to 5-5 rad- 
ians per second were obtained with the F-84Cz airplane. It may be noted 
that the experimental data approximate the shapes of the maximum curves 
fairly well with the exception of -the F2H airplane at high speeds. 

Time to roll 90^ .- In figure 15 the minimum times to roll 90° in 
the present tests with service airplanes are compared with the minimum 
times to roll 90 ^ for each of the airplanes calculated with a hypothet- 
ical rolling maneuver where the rolling velocity was a step function. 

The step rolling velocities used are those labeled limit in figure l4. 
For the F-94 airplane the curve for 50,000 feet is also shown, and for 
the F-84 airplane curves are shown for wing-tip tanks on and off. The 
minimum time required to roll 90 ° varied from 1 to 1-5 seconds for the 
test airplanes whereas the absolute minimum varies from about 0.6 to 
1.0 second for sea-level conditions. 


Sideslip Characteristics 

Rudder angle .- The maximum rudder angles measured in the tests 
during service operational training are shown in figure l6 as well as 
the limit rudder angle and the rudder angle for l 80 pounds pedal force 
as derived from references 4, 6, 7^ ®-nd 8. The rudder angles used were 
less than the maximum available rudder angles except in stalled maneuvers 
where the limits were approached or reached with F-86 and F-84 airplanes} 
however, at airspeeds above 250 knots it is indicated that the rudder 
angles used were limited by high pedal forces for the test airplanes. 

Sideslip angle .- The maximiim sideslip angles measured are shown in 
figure 17 in addition to the sideslip angles obtainable in steady side- 
slips as limited either by reaching the rudder-angle limits or l8o pounds 
pedal force. Above an airspeed of about 250 knots, -the sideslip angles 
reached or exceeded the sideslip angles for l 80 pound pedal force for 
all the test airplanes. Most of these large sideslip angles were obtained 
in rolling maneuvers. At the lower speeds the sideslip angles reached 
with the test airplanes did not approach these limits except for the 
F-84G airplane in stalls, (it should be noted that, as indicated in 
reference 1, sideslip angles were not measured in all the flights with 
the F-86 a airplane.) 
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Cotrrparison of maximcum measmred sideslip characteristics vith maxi» 
mum theoretical values ,- The maximum measured sideslip characteristics 
are compared with maximum calculated values ohtainahle in fishtail and 
rolling pull-out maneuvers in figures l8 to 27- The maximum calculated 
peak values of the amplitude ratios jW^Rj and |V^r| F-86A 

and F-84 airplanes in level-fli^t fishtail maneuvers were obtained 
directly from reference 19 and are determined for the frequency response 
to a sinusoidal rudder input at altitudes of 1,000 and 20,000 feet- The 
maximum values of p and ^ were obtained for the maximum rudder angles 
as limited by the rudder -angle limits or by reaching l8o pounds rudder 
pedal force. (See fig. l6.) Values of maximum + were then calculated 
from the expression 



(9) 


For the rolling piill-out maneuvers, calculations were made only 
for the F-86A airplane at an altitude of 1,000 feet and 20,000 feet. 

As in reference 20, the calculations were based on the three nonlinear 
lateral equations of motion: 


( 10 ) 

• « 

” ^XZ^* “ (^X “ ■" 2V 

^ ( 11 ) 

mV(p + ^r) - W0 - Cy SqS = 0 (l2) 

P 


These equations were linearized by ass umi ng that the pitching velocity 
was constant and equal to 



(13) 


Ihe cross-coupled Inertia terms were then included as additions to 
and Cn^ in equations (lO) and (ll) . Solutions were obtained over the 
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speed range by using the Reeves Electric Analog Computer (REAC) for 
rolling pull-outs at the maximum load factor as given by the V-n diagram 
of figure 2. A step aileron input was used which was equal to the maxi- 
mum. aileron angle as limited either by full throw or by 50 pounds stick 
force. (See fig. 12.) It was assumed that the riidder was held fixed 
and that the pitching velocity was constant. The maxlmiom values of the 
parameters shown are given at the first peak in the oscillation because 
subsequent peaks usually were unreliable since the angles involved 
exceeded the range for which equations (lO) to (12) are valid. The 
derivatives used in equations (lO) to (12) were obtained from refer- 
ences 19 and 21. 


Maximim calculated values of n^ obtainable in fishtail maneuvers 

for the F-86 a and F-84 airplanes were obtained by determining the ratio 
jn^/SHj to IF/SrI at the natiiral frequency, which is approximately 


n>n 


jz 


qSb 
3 If7 


( 14 ) 


The amplitiide ratios may be expressed as 


and 



PR 



1 1 


"tI 

= 1 . 
^\| 

(^l6“^ “ ^2 q) + (^ 19 “ “ ^ 17 ^) 


- CgOl^ + c^^ 




(15) 


( 16 ) 


Maximum values of n^ obtainable in rolling pull-out maneuvers for the 
F-86A airplane were obtained by using the approximate relationship: 


CYgl3<l 


( 17 ) 


The constants in equations (15) and (l6) are defined as in reference 22. 
In solving these equations, values for the derivatives were obtained 
from references 19 and 21. 
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Sideslip angle: The test boimdaries along with the calculated 

values of sideslip angle in fishtails are shown in figures l8 and 19 
for the F-86A and F-84G airplanes, respectively. Calculated values of 
sideslip angle in rolling pull-outs are also shown for the F-86 a in 
figure l8. The angles of sideslip obtainable in fishtails appear to 
be about 5 to 4 times as great as those reached with the service air- 
planes. For the F-86 airplane it can be seen in figure l8 that the 
sideslip angles obtainable in rolling pull-outs are lower thah those 
obtainable in fishtails above an airspeed of 550 knots- Below this 
speed the maximum angles of sideslip calculated in rolling pull-outs 
increased rapidly and were greater than those obtainable in fishtail 
maneuvers. The values of the maximum sideslip angle obtainable in 
rolling pull-outs are not shown at lower speeds since the angles of 
sideslip and roll obtained from the calculations were much larger than 
those for which equations (lO) to (12) are valid. The resvilts indicated, 
however, that the maximum sideslip angle in rolling pull-outs Increased 
with airspeed and reached a peak at about 500 knots and then decreased 
abruptly as shown in figure 18. 

Pq and transverse load factor: In flgiires 20 and 21 are shown 

the values of the parameter pq for the F-86A and F-84G airplanes and 
in figures 22 and 25 the transverse load factors for the two airplanes 
are shown. The parameter Pq is given since it is roughly proportional 
to the vertical-tail load. For sideslip angles greater than 10^, the 
parameter pq is based on an effective value of P; that is, the value 
of the sideslip angle is reduced in proportion to the decrease in slope 
of the lateral-force curve with sideslip angle. The variation of the 
effective sideslip angle Peff used with the true sideslip angle p 
is shown in figure 20- It can be noted that the maximum lift on the 
vertical surface is assumed to occur at a sideslip angle of 25^- The 
transverse load factors have also been corrected for maximum lift and 
nonlinearity in the side-force curve in a similar manner. 

It is indicated in figures 20 to 25 that the side loads obtainable 
in fishtail and rolling pull-out maneuvers are considerably greater 
than those obtained in the tests in service operations. For the F-86 
airplane it can be seen in figure 22 that side loaxis were obtained in 
uncontrolled lateral oscillations which were equal in magnitude to those 
obtained in controlled maneuvers. 

From the calculations of fishtail and rolling pull-out maneuvers 
for the F-86 airplane it is indicated that the largest side loads are 
produced in fishtail maneuvers at the hi^er speeds. Below an airspeed 
of about 550 knots, however, it is indicated that the rolling pull-out 
is the critical maneuver. The abrupt increase in side load in rolling 
pull-outs at these speeds for the particular airplane is caiised by the 
maneuver being performed near maximum lift where the lateral derivatives 
have large changes with angle of attack. 


e isafgeuHiTEj a 



13 


a^IACA RM L55E19 


Yawning vielocity and acceleration: The maxiniuin yawing velocities 

for the F- 86 A and ?-84 g airplanes are show“n in figures 24 and 25^ respec- 
tively, and the yawing angular accelerations are shwn in figures 26 
and 27 ^ respectively- As was the case for the other lateral parainetersj 
the maximum values of yawing velocity and acceleration obtained in the 
service tests were considerably below the maximum calculated values 
except for the yawing velocities in the calculated rolling pull-out 
maneuver for the F -86 airplane. (See fig. 24.) In this case the maxi- 
mum yawing velocities obtained in the service tests approached those 
calculated for the rolling pull-out maneuver at the hipest speeds. 

Again it can be noted in figures 24 and 26 that the calculated results 
indicate that the higjiest yawing velocities and accelerations are obtained 
in fishtail maneuvers at high speeds but that rolling pull-outs may result 
in higher values at lower speeds. 


COWCLUDH'IG RZ24ARKS 


From the results of this paper it is indicated that the service 
pilots in general made use of the static capabilities of their airplanes 
over most of the speed range as limited by control stops or control 
forces. The maximum response obtained in these service training oper- 
ations, however, was considerably less than the theoretically obtain- 
able maximijm dynamic response. It is indicated that the pilots have 
a tendency to maneuver the airplane longitudinally near its natural 
frequency . 

The results of the calculations of maximum dynamic response indi- 
cate that pitching accelerations greater than 16 radians per second per 
second are theoretically within the rar»ge of pilot and airplane capa- 
bilities for the F -86 airplane whereas the hipest value obtained in 
the present tests was about 2 radians per second per second. For lateral 
maneuvers it is indicated that the hipest vertical-tail loads for the 
F -86 airplane would generally be obtained in fishtail maneuvers; however, 
when rolling pull-out maneuvers were made near the maximum lift coef- 
ficient the vertical-tail loads obtained could be considerably greater 
than those obtained in fishtail maneuvers. The transverse load factors 
measured in the present tests were much less than those theoretically 
obtainable. 


Ijangley Aeronautical laboratory. 

National Advisory Cammlttee for Aeronautics, 
Langley Field, Va. , April 29, 1955- 
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Normal load factor, n 



Figure 2.- CangpEirlsoii of normal load factors with the airplane 
operational V-n diagram. 
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Test values (refs 3, 5, 7, and 8) 



Indicated airspeed, Vj , knots 

Figure ti-.- Conqoarison of elevator stick forces needed to reach stall or 
the service limit normal load factor in gradual maneuvers with the 
maximum and minimum requirements. 
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Pitching acceleration, ©, radians/sec' 
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Indicated airspeed, V., knots 


Figure 5»- C(Mr 5 )arison of test results with various methods of calculating 

pitching accelerations. 
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Angular frequency, oj , radians/sec 

Figiare 7«- Maxim-urn control and response values calculated for the 
F-86 a airplane maneuvering sinusoidally between the upper and 
lower limits of the design V-n diagram for an airspeed of 
500 knots at sea level. 
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Indicated airspeed, Vj, knots 

Figure 8.- Comparison of test results with maximum calculated pitching 
accelerations obtained by maneuvering the F-86A aiiplane sinusoidally 
within the V-n diagram at sea level. (Symbols are for altitude of 
20,000 feet.) 
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Indicated airspeed, V|, knots 

Figure 10.- Comparison of test results with maximum calculated pitching 
accelerations obtained by maneuvering the F-86 a airplane sinusoidally 
between a load factor of 1 and the upper limit of the design V-n dia- 
gram at sea level. 
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Indicated airspeed, Vj, knots 

Figure 11.- Comparison of test results with maxi mum calculated pitching 
velocities obtained by maneuvering the F-86A airplnne sinusoidally 
within the V-n diagram at sea level. (Symbols at 400 knots are for 
altitude of 20,000 feet.) 
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Figure 12.- Comparison of test results with maximum up or down aileron 
angles obtainable in abrupt aileron rolls. 




2 




tanks on or off 


oL8 


O Operationoi moneuver 



Snop roll 


^ \^Tfp tanks on or off 


D Stoll or spin 




F-846 


-Test boundary 


-Limit in aileron rolls 
from level flight! 


-Tip tanks off 


■Vp tanks on 



F-94E 


-Tip tanks on 




12 3 4 5 6x10 0 12 3 4 5 

Indicated airspeed, V, knots 


Figure 15,- Comparison of test results with maximum wing-tip helix angles 

obtainable in abrupt aileron rolls. 
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Figure 1^.- Coii 5 )arison of test results with maYtTmnn rolling velocities 
obtainable in abrupt aileron rolls. 
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Figure 15.- Comparisoii of test results with, calculated mlnlmuin times to 
roll 90° in abrupt aileron rolls at sea level. 
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O Operational maneuver □ Stall or spin ^ Take-off or landing 



Indicated airspeed knots 


Figure l6.- Comparison of test results with maximtam rudder angles 
obtainable in steady sideslips using maximum control force of 
180 pomds. 
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Pigiare 17*“ Comparison of test results with maximum angles of sideslip 
obtainable in steady sideslips using maximum rudder control force 
of l 80 pounds. 
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Figure 20 .- CoE^)arisou of test results for the F- 86 A airplane with 
maximum calculated values of vertical-tail load parameter Pq 
during fishtail and rolling pull-out maneuvers. 
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Figure 21.- Comparison of test results for the F-84 airplane with 
maximum calculated values of vertical-tail load parameter Pq 
during fishtail maneuvers. 
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Indicated airspeed, Vj, knots 

Figure 22.- Comparison of test results for the F-86 a airplane with 
maximum calculated values of transverse load factor during fish- 
tail and rolling pull-out maneuvers. 
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Indicated airspeed, Vj, knots 

Fig\are 25.- Comparison of test results for the F-84 airplane with 
maximum calculated values of transverse load factor during fish- 
tail maneuvers . 



Yawing velocity, t , radians/sec 


46 


MCA RM L55S19 



Indicated airspeed, Vj, knots 

Figiare 24.- Conparison of test results for the F-86 a airplane with 
maximiiin calculated values of yawing velocity during fishtail and 
rolling pull-out maneuvers. 
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Figure 2b.- Comparison of test results for the F-86 a airplane with 
maximuEi calculated values of yawing acceleration during fishtail 
and rolling pull-out maneuvers. 
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Figure 27* - Comparison of test results for the F-84 airplane with 
maximuin calculated values of yawing acceleration during fishtail 
maneuvers . 
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